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Obesity is a signiﬁcant problem affecting United States (US) ﬁreﬁghters. While body mass index (BMI) is
widely used to diagnose obesity, its use for this occupational group has raised concerns about validity.
We examined rates and types of misclassiﬁcation of BMI-based obesity status compared to body fat
percentage (BF%) and waist circumference (WC). Male career ﬁreﬁghters (N ¼ 994) from 20 US de-
partments completed all three body composition assessments. Mean BMI, BF%, and WC were 29 kg/m2,
23%, and 97 cm, respectively. Approximately 33% and 15% of BF%- and WC-deﬁned obese participants
were misclassiﬁed as non-obese (false negatives) using BMI, while 8% and 9% of non-obese participants
deﬁned by BF% and WC standards were identiﬁed as obese (false positives) using BMI. When stratiﬁed
by race/ethnicity, Paciﬁc Islanders showed high rates of false positive misclassiﬁcation. Precision in
obesity classiﬁcation would be improved by using WC along with BMI to determine ﬁreﬁghters’ weight
status.
 2014, Occupational Safety and Health Research Institute. Published by Elsevier. All rights reserved.1. Introduction
Fireﬁghters in the US experience high rates of obesity (ranging
from 30%-40%) that are similar to that found among US adults [1,2].
In addition, studies demonstrate that ﬁreﬁghters experience
insidious weight gains throughout their career of approximately
0.5 kg (1.1lb) to 1.6 kg (3.5lb) per year [3,4]. It also has been
demonstrated that overweight and obesity results in greater risk
for injury, injury-related absenteeism, disability, cardiovascular-
related disability, and risk for sudden cardiac death [5e8].
For several decades, Body Mass Index (BMI; kg/m2) has been
used to diagnose obesity and it is widely recommended as a
method for matching individuals to weight loss interventions in
clinical practices and is widely used in obesity research [9,10].
However, this method has raised questions regarding how well it
reﬂects body composition, speciﬁcally with regard to distinguish-
ing lean and fat mass in ﬁtter or more athletic populations.Health Research, NDRI-MA, Natio
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l Safety and Health Research InstitConsequently, individuals in occupational groups who may have
greater muscle mass such as athletes, police ofﬁcers, or ﬁreﬁghters
may be at greater risk for being misclassiﬁed as overweight or
obese when using BMI [11,12].
Because the nature of the ﬁreﬁghting profession, ﬁreﬁghters
need tomaintain high levels of health and ﬁtness given the rigorous
physical and mental job requirements. However, several studies
have documented high rates of substandard ﬁtness among ﬁre-
ﬁghters [2,14]. While there have been concerns expressed about the
accuracy of BMI-based obesity classiﬁcation for ﬁreﬁghters, we
found that rates of false positives (i.e., labeling someone as obese
based on BMI when they are not based on Body Fat Percentage (BF
%; 2.9%) or Waist Circumference (WC; 9.8%) were very low. Unfor-
tunately, while this sample was population-based, it was restricted
to the Midwestern part of the US and lacked racial/ethnic diversity
[2]. Thus, it is unknown how well BMI accurately characterizes
obesity (BMI 30) when compared with BF%- and WC-determinednal Development and Research Institutes, Inc. 1920 West 143rd Street, Suite 120,
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Table 1
Rates of false positives and negatives using BMI-based obesity classiﬁcation and
comparable body fat (BF%) and waist circumference (WC) categories
Obesity status BF% standard* Types and rates of
misclassiﬁcation
Obese Nonobese
Obese (BMI  30.0) 247 45 False positive (15.4%)
Nonobese (BMI < 30.0) 124 557 False negative (18.2%)
Obesity status WC standard* Types and rates of
misclassiﬁcation
Obese Nonobese
Obese (BMI  30.0) 234 66 False positive (22.0%)
Nonobese (BMI < 30.0) 40 649 False negative (5.8%)
* For each analysis, either BF% or WC categories serve as the standards and
BMIbased categories as the “screening test”; cutpoints for BF% andWC from current
standards [9,10].
Table 2
Number and percent of participants misclassiﬁed as false positives using BMI
stratiﬁed by BF% and WC categories
False positives, n (%) Nonobese, based on the BF% deﬁnition (n ¼ 45)
Essential fat
(2e5%)
Athlete
(6e13%)
Fitness
(14e17%)
Average
(18e24%)
0 (0.0) 1 (2.2) 6 (13.3) 38 (84.4)
False positives, n (%) Nonobese, based on the WC deﬁnition (n ¼ 66)
Normal (< 94 cm) High Risk (94e102 cm)
9 (13.6) 57 (86.4)
Saf Health Work 2014;5:161e164162weight status in a larger, more diverse, and national sample. The
purpose of this study was to compare BMI-based obesity status
with comparable BF% andWC standards [9,10,13] and examine rates
and types of misclassiﬁcation.
2. Materials and methods
Data for this study were collected between May 2010 and
December 2011 from the baseline evaluation of a longitudinal
cohort study examining the impact of wellness and ﬁtness program
on health and safety in career ﬁreﬁghters. Poston et al [14] provides
details about selection and recruitment of participants. The study
was approved by the National Development and Research Institutes
(NDRI) and the University of Texas Houston Health Sciences Center
(UTHHSC) Institutional Review Boards.
Twenty ﬁre departments across the US and its territories were
purposively sampled [15] to serve the primary aim of the parent
study, which was to identify two groups of US ﬁre departments,
thosewith (n¼ 10) andwithout (n¼ 10) strong and comprehensive
ﬁreﬁghter wellness programs. A total sample of 994 male ﬁre-
ﬁghters with complete baseline anthropometric data was included
in this analysis. Women were excluded because they represented
less than 5% of the sample, which is consistentwith the national ﬁre
service [16], thus precluding us from reliably examining gender
differences.
Participants completed demographic and occupational history
questionnaires. Anthropometric data including height, weight, BMI,
BF%, and WC were assessed by trained investigators using current
standards [9,10,13]. Height was assessed with a portable stadi-
ometer. Participants were weighed while wearing light clothing
and without shoes or socks. Body weight and BF% were determined
using foot-to-foot bioelectrical impedance (Tanita 300, Tanita Cor-
poration of America, Inc., IL), which has demonstrated concurrent
validity DEXA [2,14]. WC was determined using a spring-loaded
nonstretchable tapemeasure in accordancewith recommendations
current obesity guidelines [9,10,13]. BMI was computed as weight
(kg) divided by height in meters squared (m2). Participants were
categorized as non-obese or obese based on standard cutoffs, i.e.,
BMI  30 kg/m2, BF% > 25%, and WC > 102 cm [9,10].
3. Results
Overall, participants were in their late 30s (39.2  8.8), married
(76.9%), had at least some college education (90.5%), and had annual
household income of more than $50,000 (92.0%). The majority of
participants was Caucasian (67.3%), was ﬁreﬁghters, ﬁreﬁghter/
paramedics, or ﬁreﬁghter/drivers/operators (73.9%), worked in
24-hr shift (84.7%), and had average of 14 (8.6) years of ﬁre service.
Stratiﬁed by race/ethnicity, our cohort was comprised of Caucasian
(67.3%), African-Americans (4.4%), Paciﬁc Islander (7.8%), Hispanic
(13.0%), and other race/ethnicity (7.5%). On average, the mean BMI,
BF%, and WC of this cohort were 28.6 kg/m2, 23.2%, and 97.3 cm,
respectively. Obesity classiﬁcation by BMI (30 kg/m2), BF% (>25%),
andWC (>102 cm) standards indicated that obesity rates estimated
by BMI and WC were much lower than those derived from BF%
(29.9% and 27.7% compared to 38.1%, respectively). Correlations
between BMI and BF%, and WC were high and statistically signiﬁ-
cant (rBMI-WC ¼ 0.742; rBMI-BF% ¼ 0.626; rBF%-WC ¼ 0.619; all
p < 0.001).
Rates of false positives and false negatives for comparing BF%
and WC standards to the BMI-based obesity are shown in Table 1.
Approximately 33% and 15% of BF%- and WC-deﬁned obese
participants were misclassiﬁed as non-obese using BMI (i.e., false
negatives). On the other hand, 8% and 9% of non-obese participants
deﬁned by BF% and WC standards were identiﬁed as obese usingBMI (i.e., false positives).We next examined the distributions of BF%
and WC of these groups and found that the majority of those
misclassiﬁed as false positives had BF% and WC values at the upper
end of non-obese range for both indices (i.e., BF% between 18% -
24%, and WC between 94 cm - 102 cm) [9,10]; see Table 2),
demonstrating that most false positives based on BMI were close to
the obesity threshold for BF% or WC. BMI was slightly more accu-
rate for correctly identifying participants’ weight status when WC-
based obesity was the standard (89%) than when using BF% as the
standard (83%).
Figs. 1 and 2 present the percentage of false negatives and false
positive for BMI-based obesity classiﬁcation when compared with
BF% and WC as standards stratiﬁed by race/ethnicity. Caucasian,
African-American, and Hispanic male ﬁreﬁghters showed higher
rates of false negatives than false positives for BMI-deﬁned obesity
when compared with BF%-deﬁned obesity, indicating that they
were likely to be misidentiﬁed as not obese based on BMI when
they were obese based on BF%. In contrast, Paciﬁc Islanders par-
ticipants were more likely to be misclassiﬁed as being obese when
using BMI when they were not based on BF%. False negative and
false positive rates when comparing BMI to WC classiﬁcation
demonstrated that all minority groups had a similar pattern of
higher false positive rates. However, Caucasians weremore likely to
be misidentiﬁed as not obese based on BMI when they actually
were obese based on WC. In addition, Paciﬁc Islanders had statis-
tically signiﬁcant higher false positive rates than the other minority
groups.
4. Discussion
The purpose of this study was to examine the accuracy of BMI-
determined obesity status when compared with BF% and WC
standards in a large, racially and ethnically diverse, and national
sample of ﬁre service personnel. On average, ﬁreﬁghters’mean BMI
was 28.6 kg/m2, which classiﬁed them in the overweight category.
Similarly, BF% and WC values at 23.2%, and 97.3 cm placed them in
Fig. 1. BMI-based false positive and negative rates by race and ethnicity using BF% as
the Standard.
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standard obesity status cutoffs for BMI (30 kg/m2), BF% (>25), and
WC (>102 cm), 28-38% of participants were classiﬁed as obese. The
prevalence of obesity using BF% was higher than that estimated by
BMI and WC methods.
Comparing BMI categories to analogous BF% categories resulted
in low rates of false positives (7.5%) but relatively high rates of false
negative (33.4%). However, using WC as the standard yielded a
different patterns of results, which showed low rates of false pos-
itives (9.2%) and moderate rates of false negatives (14.6%), which
was similar to our previous studies [2,12]. BMI has been widely
used to deﬁne obesity status in numerous epidemiologic studies
including those from the ﬁre service and related occupational
groups [5e7,11,12,17,18]. While concerns have been raised about the
potential for high rates of false positive misclassiﬁcation, our data
suggest that most ﬁreﬁghters who are misclassiﬁed as obese using
BMI are near the obesity thresholds for WC and BF%, which in line
with our previous study [12].
When stratiﬁed by race/ethnicity, Paciﬁc Islander participants
showed high rates of false positive misclassiﬁcation when BMI was
compared to BF% and WC standards. Several studies have demon-
strated that Paciﬁc Islanders have different fat distribution (e.g., low
fat-to-fat-free mass ratio) compared to Caucasians and African
Americans [19,20]. The high likelihood of Paciﬁc Islander partici-
pants being misclassiﬁed as obese when using BMI might result in
overestimating their morbidity and disability risks, so it would be
prudent to also measure WC or BF% in this group. False negative
misclassiﬁcation based on BMI also can jeopardize ﬁreﬁghters’
health by underestimating weight-related health problems and
ﬁtness performances [2].
Strengths of this study include the use of multiple body
composition measures administered by trained professionals in aFig. 2. BMI-based false positive and negative rates by race and ethnicity using WC as
the Standard.national, large, and racially/ethnically diverse cohort. Several lim-
itations also should be noted. First, only male ﬁreﬁghters’ datawere
analyzed; therefore, the results cannot be extended to female
ﬁreﬁghters. Second, we also did not have sufﬁcient racial diversity
to examine misclassiﬁcation among Asians or Native Americans.
Third, bioelectrical impedance was used to estimate BF% which is
suitable for ﬁeld assessments but it is not the gold standard for
assessing BF%. However, our BF% method has demonstrated con-
current validity with DEXA (dual energy X-ray absorptiometry) [2].
In conclusion, BMI was most accurate when compared to WC as
the standard (i.e., overall accuracy ¼ 89%). However, to minimize
misclassiﬁcation, it would be prudent to use eitherWC or BF% along
with BMI in order to classify obesity status among ﬁreﬁghters
properly.
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